As the most common biliary malignancy, gallbladder cancer (GC) is an elderlybiased disease. Although extensive studies have elucidated the molecular mechanism of microRNA 182 (miR-182) and reversion-inducing-cysteine-rich protein with kazal motifs (RECK) in various cancers, the specific role of exosomal miR-182 and RECK in GC remains poorly understood.
INTRODUCTION
Gallbladder cancer (GC) is the most common biliary malignancy, ranking sixth among gastrointestinal cancers, with a high recurrence rate and poor prognosis [1, 2] . Diabetes, gallstone size, age, sugary drinks, and genetic mutations are all risk factors affecting GC. At present, the effect of surgical treatment for GC is largely dependent on tumor metastasis [3] , worsened by the fact that GC cells are highly invasive [1] . So gene target therapy has gradually become a research hotspot in GC. Many studies [4, 5] have suggested that regulation of target gene expression by microRNA (miRNA) has potential therapeutic prospects.
MiR-182, a miRNA approximately 110 base pairs in length, is located on chromosome 7. It is well established that the abnormal expression of miR-182 is associated with cancer progression. For example, Kulkarni et al [6] found that miR-182 inhibited mitosis of renal cancer cells by downregulating metastasis associated lung adenocarcinoma transcript 1 expression. According to Livingstone et al [7] , the serum expression of miR-182 in liver cancer model rats was significantly increased when aflatoxin was applied to construct liver cancer model rats, and the authors believed that the high expression of serum miR-182 was closely related to liver cancer. In addition, Perilli et al [8] found that the high expression of miR-182 in colorectal cancer cells could increase the activity of G0/G1 phase cells and downregulate the apoptosis pathway. MiR-182 can inhibit the Notch pathway through the NF-kB-miR-182-HES1 axis, ultimately promoting malignant invasion of medullary thyroid cancer cells [9] . While in GC, miR-182 promotes tumor metastasis by downregulating cell adhesion molecule 1 expression [10] .
Reversion-inducing-cysteine-rich protein with kazal motifs (RECK) protein was expressed in 26 tissues including gallbladder, endometrium, and lung. As an important regulator of extracellular matrix remodeling, it can negatively regulate matrix metalloproteinase 9 (MMP9) and MMP2 to inhibit malignant behaviors such as migration and invasion of cancer cells [11] [12] [13] . Apart from that, RECK can promote apoptosis by altering p53, p53, B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X protein (Bax), and other p53 pathway proteins [14] . Moreover, the influence of RECK on tumor progression was regulated by miRNA. For example, Chen et al [15] found that miR-15b promoted the proliferation and invasion of prostate cancer cells by targeting inhibition of RECK. Besides, Wang et al [16] demonstrated that RECK was negatively regulated by miR-21, which could upregulate the invasion and migration of colon cancer cells. In colorectal cancer, it has been reported that the effects of miR-92a [17] , miR-96 [18] and miR-375 [19] on the biological function of cancer cells are all related to the regulation of RECK expression.
Although the molecular mechanism of miR-182 and RECK has been clarified in a variety of cancers, the co-role of exosomal miR-182 combined with RECK in GC remains unclear. Therefore here, by regulating their expression in GC, we explored the role of exosomal miR-182 and RECK in GC.
MATERIALS AND METHODS

Sample collection
Paired cancer tissues and adjacent normal tissues were obtained from 78 diagnosed GC patients, including 36 males and 42 females. Inclusion criteria were patients diagnosed with GC. In contrast, the exclusion criteria were as follows: Patients with psychiatric disorders, previous treatment history of surgery, chemotherapy, radiotherapy or antibiotic, combined with other tumors or those who did not cooperate with the treatment. The collected tissues were sectioned and stored in at -80°C for testing. Venous blood samples from GC patients and healthy subjects were collected on an empty stomach and stored in Eppendorf tube without anticoagulant. Then it was centrifuged at room temperature for 15 min at 3 × 10 3 rpm to obtain the supernatant, which was then placed in a RNase-free Eppendorf tube for a 5-min centrifugation at a rotational speed of 1.2 × 10 4 rpm. After centrifugation, the supernatant was collected and stored at -80 °C until subsequent measurement. All participants were fully informed of the study, and the Medical Ethics Committee of the Affiliated Hospital of Zunyi Medical University approved the study.
Cell culture and transfection
GC cell lines (GBC-SD, EHGB1, NOZ) and human gallbladder epithelial cells (HGBEC) were purchased from the cell bank of American Type Culture Collection (Gaithersburg, MD, United States), and the cells were cultured in an animal cell incubator at 37 °C and 5% CO 2 . The medium used for the GC cell lines was 1640 medium (HyClone Laboratories, South Logan, UT, United States) supplemented with 10% fetal bovine serum (FBS; Gibco Laboratories, Gaithersburg, MD, United States) and 1% penicillin/streptomycin (100X; Beijing Solarbio Science & Technology Co. Ltd., Beijing, China), while that used for the HGBEC cell line was Dulbecco's Modified Eagle Medium (DMEM) (Hyclone) supplemented with 10% FBS (Gibco Company) and 1% penicillin/streptomycin (100X; Solarbio). Follow-up experiments were carried out until the cells reached 80%-90% confluency.
The culture medium was renewed with FBS-free medium 1 d before transfection, and cells were seeded into 6-well plates at 1 × 10 5 /well. MiR-182 mimics, RECK small interfering RNA (siRNA), and negative control (NC) si vectors were purchased from Sangon Biotech (Shanghai) Co., Ltd. (Shanghai, China) Then the Lipofectamine 2000 Transfection Kit (Invitrogen, Carlsbad, CA, United States) was employed to transfect the abovementioned vectors into the cell lines according to the manufacturer's instructions. The culture medium was renewed at 37 °C and 5% CO 2 8 h after transfection.
Separation and screening of exosomes
Cell (NOZ cell) suspension was prepared by enzymatic hydrolysis before centrifuging at 1 × 10 5 g for 8 h. Then the cells were cultured in RPMI 1640 medium containing 10% FBS at 37 °C and 5% CO 2 . When the cells were cultured to 80%-90% confluency, the supernatant of the medium was collected, the exosomes were extracted, and the latter was centrifuged at 1 × 10 5 g for 1.5 h to collect the lower exosome sediments. Next, phosphate-buffered saline (PBS) was added to the exosome precipitate for repeated pipetting. Finally, the expression of cluster of differentiation 63 (CD63) and CD81 was detected by Western blot analysis.
Quantitative PCR
The total RNA from the tissue samples or cells was extracted by Trizol, while that of the exosomes was detected using the Total Exosome RNA & Protein Isolation Kit (No. 4475545; Invitrogen). Then the concentration and purity of total RNA at 260-280 nm was detected by an ultraviolet spectrophotometer, and RNA with OD260/OD280 > 1.8 was selected for follow-up quantitative PCR (qPCR) detection. The FastKing One-
Step Reverse Transcription-Fluorescence Quantification Kit [Catalog No. FP314; Tiangen Biotech (Beijing) Co. Ltd., Beijing, China) and ABI PRISM 7000 (Applied Biosystems, Foster City, CA, United States] were applied for qPCR quantification. MiR-182 primer was designed and synthesized by Sangon Biotech (Shanghai) Co., Ltd. The reaction system was performed in strict accordance with the kit instructions (50 μL): Upstream primer: 1.25 μL, downstream primer: 1.25 μL, probe: 1.0 μL, RNA template: 10 pg/μg, 50 × ROX Reference Dye ROX: 5 μL, and RNase-FreeddH_2 was added to reach an overall reaction volume of 50 μL. Reaction process: reverse transcription at 50 °C for 30 min, cycled once; pre-denaturation at 95 °C for 3 min, cycled once; denaturation at 95 °C for 15 s, and annealing at 60 °C for 30 s, cycled 40 times. The results were analyzed by the ABI PRISM 7000 instrument with U6 and GAPDH as the internal reference genes; the primer sequences are shown in Table 1 . 
Western blot
An volume of 1 mL cell protein extract (cell lysate: protease inhibitor: phosphatase inhibitor = 98:1:1, v/v/v) was added to the cells. Then the solution was pipetted several times and centrifuged at 1.2 × 10 4 r/min for 15 min to collect the supernatant. The proteins were resolved by sodium dodecyl sulfate polyacrylamide gel electrophoresis before transfer to the nitrocellulose membrane, followed by blocking at room temperature for 1 h in 5% skim milk/PBS solution. Next, the membrane was incubated overnight at 4 °C with primary antibodies against RECK, caspase-3, caspase-9, E-cadherin, Bax, Bcl-2, N-cadherin, β-catenin and β-actin (all from Shanghai Abcam Co., Shanghai, China). Then the nitrocellulose membrane was washed three times with PBS, followed by a 1 h incubation at room temperature with goat antirabbit secondary antibody (horseradish peroxidase cross-linked; Shanghai Abcam Co.). Finally, the NC membrane was rinsed with PBS and proteins were visualized by enhanced chemiluminescence. With β-actin as the internal reference protein, the relative expression level of the protein to be measured was equal to the gray value of the band to be measured/the gray value of the β-actin band.
Transwell chamber detection for cell migration and invasion
The adherent cells were digested with trypsin and the supernatant was obtained by 1103 x g centrifugation for 1 min, and then added to the cell medium to re-suspend the cells. Then the cells were seeded in the upper migration chamber (containing 200 μL 10% FBS + 1% DMEM) at 2 × 10 4 cells/well, and the DMEM containing 10% FBS (total volume of 500 μL) was added to the lower chamber. After 24 h of cell culture, the upper chamber fluid was removed and the parenchyma cells were wiped off. Then the Transwell cells were fixed in 4% methanol for 20 min, and the Transwell chamber was washed with PBS after crystal violet staining for 15 min. Photographs of cell migration were taken under a 200-fold microscope, and three fields of view were randomly selected to calculate the number of cells, with the average value as the number of permeabilized cells. The experiment was repeated three times. The invasion experiment shared the same steps with those of migration experiment, except that the former was treated with 8% matrix glue and the number of cells per well was increased to 5 × 10 4 .
MTT assay for cell viability
The transfected cells were hydrolyzed with trypsin and centrifuged to remove the enzyme solution, followed by the addition of fresh medium and pipetting to prepare the cell suspension. Then four 96-well plates were inoculated with cells of 5 × 10 3 /100 μL per well, with 3 wells per set. One plate was taken out every 24 h, and 5 mg/mL MTT solution was added at 10 μL/well for additional culture for 1 h. Then the culture medium was removed and the OD value at 570 nm was measured by a microplate reader. The experiment was repeated three times to plot the cell viability-time curve.
Flow cytometry
The adherent cells were digested and prepared as a cell suspension. The CountessTM automatic counter (Invitrogen) was applied to dilute the cells to 1 × 10 6 . Then cells were fixed in a 70% ethanol ice-cold solution at 4 °C for 30 min. Thereafter, the ethanol solution was removed, and the cells were incubated in Annexin V-FITC/7-AAD solution. Finally, apoptosis was analyzed using the FACScan flow cytometer (Becton Dickinson, Franklin Lakes, NJ, United States).
Double luciferase verification of targeting relationship between miR-182 and RECK
The pmirGLO-HMGB1-wt and pmirGLO-HMGB1-mut vectors were constructed and co-transfected into EH-GB1 and GBS-SD cells with miR-182 mimics and NC mimics, respectively. After 48 h of transfection, the luciferase activity was detected by double luciferase reporter gene assay (Promega, Madison, WI, United States) in strict accordance with the instructions.
Statistical analysis
Statistical analysis of the collected data of indicators mentioned above was performed using SPSS20.0 (Asia Analytics Formerly SPSS, China) and GraphPad Prism 6.0. Each experiment was repeated three times. The data are represented by the mean ± standard deviation, and the count data are expressed as n. Intergroup comparison was conducted by an independent samples t-test, multi-group comparison was analyzed by one-way analysis of variance, and post-hoc pairwise comparison was performed by an least significant difference test. Pearson's analysis was applied to the correlation between miR-182 and RECK. The relationship between miR-182 and clinical features was determined by the two-sample Student's t-test. All data were double-tailed. With 95% as its confidence interval, a statistically significant difference was assumed at P < 0.05.
RESULTS
There is high expression of miR-182 and low expression of RECK in GC
Exosomes were extracted and Western blot analysis was used to detect exosome protein markers CD63 and CD81 (Figure 1) . The results showed that CD63 and CD81 were highly expressed in exosomes compared with cell samples, indicating that the sample was indeed exosomes. This study included 78 cases of paired GC and adjacent normal tissues. qPCR was employed to quantify the expression levels of miR-182 and exosomal miR-182 in tissues and cells, and the expression of RECK protein in tissues and cells was determined by Western blot analysis( Figure 2 ). The expression of miR-182 was markedly increased in cancer tissues (Figure 2A ), whereas that of RECK was notably decreased in cancer tissues compared with normal adjacent tissues ( Figure 2D ). Compared with normal human blood samples, serum miR-182 level was significantly elevated in patients with GC ( Figure 2B ). However, compared with HGBEC, miR-182 expression was markedly increased ( Figure 2C ), whereas RECK was significantly decreased in GC cells ( Figure 2E ). The abovementioned results indicated that miR-182 was highly expressed in GC, whereas there was low expression of RECK. It is worth mentioning that the expression levels of miR-182 and RECK were the highest and lowest, respectively in NOZ cell lines.
miR-182 is associated with GC metastasis
Here, we compared the expression of miR-182 and exosomal miR-182 in different tumor-node-metastasis (TNM) phases and analyzed the correlation between miR-182 and clinical features ( Figure 3 , Table 2 ). As shown in Figure 3 , miR-182 and exosomal miR-182 were highly expressed in the N1/N2/N3 and M1 phases. Table 2 illustrates that miR-182 was associated with the N and M phases and RECK expression.
Exosomal miR-182 can promote cell proliferation, migration and invasion, and inhibit apoptosis and RECK expression
As mentioned earlier, miR-182 and RECK presented the highest and lowest expression, respectively in NOZ cell lines; thus exosomal miR-182 in NOZ cells was extracted and co-cultured with EH-GB1 and GBS-SD cells to observe the effect of miR-182 on cell biological function. Cell viability was detected by MTT, cell invasion and migration were measured by the Transwell assay, protein expression was detected by Western blotting, and apoptosis was determined by flow cytometry. Compared with the NC group, the cell viability ( Figure 4A and B) , cell invasion ( Figure 4C ), and migration ( Figure 4D ) of the exosomal miR-182 group were enhanced, whereas apoptosis ( Figure 4E, Supplementary Figure 1A and C) was attenuated. In addition, compared with the NC group, the expression levels of RECK, caspase-3, caspase-9, Ecadherin, and Bax were downregulated in the exosomal miR-182 group, whereas the expression levels of Bcl-2, N-cadherin and β-catenin were upregulated ( Figure 4E) . These results revealed that exosomal miR-182 promoted cell proliferation, migration and invasion, and inhibited apoptosis and RECK expression.
RECK inhibits cell proliferation, migration and invasion, and promotes apoptosis
The expression of RECK was regulated by exosomal miR-182. In order to understand whether the change of RECK expression was related to the occurrence of GC, we inhibited RECK and observed its effect on the biological function of GC cells ( Figure  5 ). Compared with the NC group, the RECK siRNA group had increased cell viability ( Figure 5A and B) , enhanced cell invasion ( Figure 5C ) and migration ( Figure 5D ), and Figure 1B and D) . In addition, the expression levels of caspase-3, caspase-9, E-cadherin, and Bax in the RECK siRNA group were downregulated, while the expression levels of Bcl-2, N-cadherin, and β-catenin were upregulated in contrast with the NC group. These results indicated that RECK promoted apoptosis and inhibited cell proliferation, migration, and invasion.
MiR-182 targets inhibition of RECK expression
The TargetScan database predicted that miR-182 had binding sites on RECK mRNA ( Figure 6A ). The double luciferase reporter gene assay confirmed that miR-182 had a targeting relationship with RECK mRNA (Figure 6B and C) . In addition, a negative correlation between miR-182 and RECK protein was validated by Pearson's analysis. The above results indicated that miR-182 could target to inhibit RECK.
Rescue experiment
Exosomal miR-182 and exosomal miR-182+RECK overexpression vectors were added to GC cells to perform the MTT assay, Western blot analysis, and Transwell assay. The results showed that compared with the exosomal miR-182 group, the cell viability, migration, and invasion of the exosomal miR-182+RECK group decreased, and apoptosis increased. Meanwhile, the exosomal miR-182+RECK group showed upregulated caspase-3, caspase-9, E-cadherin and Bax and downregulated Bcl-2, Ncadherin, and β-catenin expression ( Figure 7) . The above results suggested that RECK overexpression could counteract the enhancement of cell proliferation, invasion, and migration caused by exosomal miR-182.
DISCUSSION
As essential carriers for cell-cell information communication, exosomes are extracellular vesicles with a diameter of 40-150 nm in nature, which contain a variety of proteins, DNA, and RNA. CD63, CD81, and CD9 on the surface of vesicles are vesicles markers [20] . Exosomes can stimulate extracellular matrix remodeling or information transmission when they are released out of the cell, which is of great significance for human health and disease [21] . Due to the presence of exosomes, miRNAs can be actively secreted outside the cell without degradation of RNA enzymes, and play a role by being absorbed by other cells through endocytosis [22] .
In this study, miR-182 and exosomal miR-182 were found to be highly expressed in GC, and had the highest expression levels in NOZ cells. Therefore, exosomal miR-182 was isolated from NOZ cells and co-cultured with EH-GB1 and GBS-SD cells. The results showed that exosomal miR-182 could promote the proliferation, migration, and invasion of EH-GB1 and GBC-SD cells and inhibit cell apoptosis. Meanwhile, the expression of RECK, caspase-9, caspase-9, E-cadherin, and Bax was found to be downregulated, whereas the expression of Bcl-2, N-cadherin and β-catenin was upregulated. In the study of Qiu et al [10] , miR-182 could act as a carcinogen to promote the metastasis of GC. The results of this study further supplemented the possibility that miR-182 could regulate other cell biological functions through exosomes.
In addition, we found that RECK was downregulated when exosomal miR-182 was co-cultured with cancer cells. TargetScan further predicted that there were binding sites between miR-182 and RECK mRNA, and the negative correlation between the two. Therefore, we speculated that the effect of miR-182 on cell biological function might be achieved by regulating RECK expression. In this study, the effect of RECK on GC cells was observed by interfering with RECK expression in cancer cells by siRNA, and the targeting relationship between miR-182 and RECK was validated by the double luciferase reporter gene assay. The results demonstrated that the absence of RECK promoted cell proliferation, migration and invasion and inhibited cell apoptosis; meanwhile downregulating the levels of caspase-3, caspase-9, E-cadherin, Bax, and Bcl-2, while upregulating N-cadherin and β-catenin. In addition, it was found that luciferase activity of cells was the lowest when 182 mimics were cotransfected with pmirGLO-RECK-wt. RECK is a protein related to cell migration and invasion. By binding to RECK mRNA, exosomal miR-182 inhibited the expression of RECK at the transcriptional level, resulting in increased expression of N-cadherin, βcatenin, MMP9 and MMP2 in cells, and enhanced cell migration and invasion. Although studies [23] [24] [25] have reported that miR-182/RECK affects the development of breast, bladder and prostate cancer, the role exosomal miR-182/RECK plays in GC has not been studied. Here, we proved that, by inhibiting RECK, exosomal miR-182 could downregulate the expression levels of caspase-9, caspase-9, E-cadherin, and Bax, and upregulate Bcl-2, N-cadherin and β-catenin, ultimately promoting the proliferation, migration, and invasion of GC cells.
The present study demonstrated that by regulating RECK, exosomal miR-182 could promote cell proliferation, migration and invasion and inhibit apoptosis, ultimately leading to tumor formation or metastasis, which aggravated the deterioration of GC. Although the relationship between miR-182/RECK and tumor metastasis was preliminarily studied, there is still room for improvement. For example, the signaling pathways implicated in miR-182/RECK should be explored in future experimental design to supplement the oncogenic network of exosomal miR-182. In addition, the clinical value of exosomal miR-182 in GC remains to be discussed.
To summarize, this study investigated the effect of miR-182/RECK axis on the biological function of GC cells by studying the expression mechanism of exosomal miR-182 and RECK in GC. MiR-182 is highly expressed in GC cells, thereby acting on other cells through endocytosis to inhibit intracellular RECK expression, and ultimately promoting cell proliferation, migration, and invasion. In addition, exosomal miR-182 is positively correlated with tumor metastasis of GC. Therefore, miR-182/RECK axis has potential application value in targeted therapy of GC. 
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